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1.  INTRODUCTION 


Despite  advances  in  the  treatment  of  breast  cancer,  metastatic  disease  remains  a  challenging 
clinical  problem  with  few  therapeutic  options  (1).  Patients  undergoing  diagnosis  and  treatment  of 
breast  cancer  often  experience  severe  and  chronic  psychological  stress.  The  sympathetic  nervous 
system  (SNS)  is  an  important  pathway  by  which  psychological  stress  can  promote  tumor  progression 
(2,  3).  The  SNS  neurotransmitters  norepinephrine  (NE)  and  epinephrine  activate  two  major  classes 
of  adrenergic  receptors  (AR),  a-AR  (subdivided  into  al  and  a2)  and  13-AR  (subdivided  into  (3.1 ,  (32, 
and  133).  The  pro-tumor  pathways  activated  by  13-AR  stimulation  have  been  elucidated  in  breast  and 
other  cancers  (4,  5),  but  there  is  a  paucity  of  studies  examining  a  role  for  a-AR  activation,  despite 
the  fact  that  in  human  breast  cancers,  a-AR  expression  has  been  linked  to  poor  prognosis  (6).  Few 
tumor  cell  lines  have  been  demonstrated  to  express  functional  a-AR,  but  the  host  stromal  cells  that 
make  up  a  tumor,  including  macrophages  and  fibroblasts,  express  a-AR  and  13-AR  normally  (7-9) 
and  in  primary  tumors  (10).  Here  we  describe  progress  made  in  defining  the  impact  of  a2-AR 
activation  using  a  highly  metastatic  breast  cancer  cell  line  in  BALB/c  mice,  4T1.  4T1  cells  (and  the 
Iuc2-transfected  4T 1  line  used  here)  do  not  express  functional  13-AR  or  a2-AR  and  cannot  directly 
respond  to  the  endogenous  neurotransmitter  NE  (11),  making  4T1  an  excellent  model  for  evaluating 
the  impact  of  SNS  activation  and  release  of  NE  on  host  stromal  cells  in  the  absence  of  direct  AR 
activation  of  the  tumor  cells.  Here  we  describe  progress  made  in  defining  the  impact  of  a2-AR 
activation  in  BALB/c  and  BALB/c  SCID  mice  bearing  4T1  mammary  tumors  and  in  MMTV-PyMT 
mice  that  spontaneously  develop  metastatic  mammary  tumors.  We  also  report  on  companion 
research  implicating  13-AR  activation  in  the  context  of  4T1 . 

2.  KEYWORDS 

breast  cancer,  metastasis,  alpha2 -adrenergic  receptors,  fi-adrenergic  receptors,  dexmedetomidine, 
salmeterol,  tumor  associated  fibroblasts,  collagen,  second  harmonic  generation,  multiphoton  laser 
scanning  microscopy 

3.  ACCOMPLISHMENTS 

What  were  the  major  goals  of  the  project? 

(The  specific  aims  are  the  major  goals  of  this  project.  The  months  in  parentheses  are  taken  from  the 
approved  SOW  and  indicate  the  time  frame  under  which  each  goal  will  be  begun  and  completed.) 

Aim  1.  Determine  if  a2-AR-induced  tumor  progression  and  metastasis  is  a  biological  pathway 
common  to  many  murine  breast  tumor  models.  (Months  3-20).  Progress  reported  below. 

Aim  2.  Identify  the  cellular  and  molecular  mechanism(s)  underlying  a2-AR-induced  tumor 
progression  within  4T1  tumors.  (Months  3-16).  Progress  reported  below. 

Aim  3.  Determine  if  DEX  treatment  during  breast  tumor  surgery  promotes  micrometastasis.  (Months 
6-22).  No  progress  to  report. 


What  was  accomplished  under  these  goals? 

Describe  1)  major  activities;  2)  specific  objectives;  3)  significant  results  or  key  outcomes, 
including  major  findings  developments  or  conclusions  (both  positive  and  negative);  and/or  4)  other 
achievements. 

SPECIFIC  AIM  1 

1)  Major  activities:  For  specific  aim  1,  we  assessed  the  effect  of  DEX  treatment  in  BALB/c,  BALB/c 
SCID,  and  MMTV-PyMT  mice.  In  BALB/c  and  BALB  SCID  mice,  IVIS  imaging  was  conducted  in 
mice  bearing  d-luciferase  transfected  4T 1  tumor  cells  and  ex  vivo  in  metastatic  organs. 
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2)  Progress  was  made  in  each  of  the  following  specific  objectives: 

la.  Determine  if  a2-AR  activation  by  DEX  increases  tumor  growth  and  metastases  in 

spontaneous  and  injectable  preclinical  breast  cancer  models.  (BALB/c,  BALB/c  SCID, 
MMTV-PyMT) 

lb.  Determine  if  increased  SHG-emitting  collagen  is  a  marker  of  a2-AR-induced  metastasis  in 

tumor  and  in  metastatic  sites.  (BALB/c,  BALB/c  SCID,  MMTV-PyMT) 

lc.  Identify  tumor  cytokines/chemokines  altered  by  a2-AR  stimulation.  (BALB/c,  BALB/c  SCID, 

MMTV-PyMT) 

ld.  Determine  if  presynaptic  ‘autoinhibitory’  a2-AR  are  activated  by  DEX  treatment.  (MMTV- 

PyMT  mice  only) 

3)  Significant  results/key  outcomes: 

We  have  previously  reported  that  DEX  treatment  increased  4T 1  tumor  growth  and  metastasis  to  the 
lung  in  BALB/c  mice  (11).  To  determine  if  metastasis  to  sites  other  than  the  lung,  we  used  IVIS 
imaging  in  BALB/c  mice  to  compare  tumor  growth  measured  manually  using  calipers  to  IVIS  imaging 
over  time.  We  also  measured  tumor  SHG  F/B  ratio,  in  conjunction  with  multianalyte  and  cellular 
analyses  to  elucidate  the  mechanisms  underlying  the  effects  of  DEX.  Finally,  to  determine  if  the 
response  to  a2-AR  activation  is  dependent  on  mature  T  cells,  we  tested  the  effects  of  DEX  in 
BALB/c  SCID  mice  that  lack  mature  T  cells.  We  demonstrate  here  the  following  key  findings: 

Materials  and  Methods. 

Drug  Treatment.  Mice  were  injected  intraperitoneally  (IP)  with  sterile  saline  or  10  pg/kg  DEX 
beginning  2  days  prior  to  injection  of  2x1 05  tumor  cells  into  a  mammary  fat  pad  and  continuing  daily 
until  the  day  before  sacrifice.  In  these  experiments,  mice  were  sacrificed  18  d  post  4T1  injection. 

Tumor  Growth.  Tumor  diameter  was  measured  using  calipers  as  described  in  (11). 

IVIS  Imaging.  In  BALB/c  mice,  luc2-transfected-4T1  cells  (Caliper  Life  Sciences)  were  employed  to 
image  tumor  growth  in  vivo.  For  IVIS  imaging,  mice  were  injected  IP  with  luciferin  (Caliper;  150 
mg/kg)  in  sterile  saline.  Five  minutes  later,  mice  were  anesthetized  using  90  mg/kg  ketamine  plus  10 
mg/kg  xylazine.  Mice  were  placed  in  the  heated  (37°C)  imaging  chamber.  Imaging  time  was  set  to 
autoexposure  to  minimize  the  number  of  saturated  pixels.  In  initial  experiments,  we  also  attempted  to 
image  distant  metastatic  sites,  but  had  little  success  blocking  the  light  emitted  by  the  tumor  when  the 
tumor  was  large.  We  therefore  used  ex  vivo  imaging  at  sacrifice  to  image  distant  sites.  For  ex  vivo 
imaging,  mice  were  injected  with  150  mg/kg  luciferin  and  sacrificed  by  pentobarbital  overdose  5 
minutes  later.  Tissues  (lung  and  bone)  were  dissected  for  immediate  IVIS  imaging  using 
autoexposure. 

SHG  Imaging.  The  method  for  determining  the  F/B  ratio  of  a  thin  tissue  sample  has  been  previously 
described  (12).  Briefly,  a  Spectra  Physics  MaiTai  Ti:Sapphire  laser  (power=0.1  mW  for  all  imaging) 
was  directed  through  an  Olympus  Fluoview  FV300  scanner.  This  was  focused  through  an  Olympus 
water-immersion  lens  (20x,  0.95  NA),  which  subsequently  captured  backward  propagating  SHG 
signal.  The  SHG  signal  was  separated  from  the  excitation  beam  using  a  670  nm  dichroic  mirror, 
filtered  using  a  405  nm  filter,  and  collected  by  a  photomultiplier  tube.  The  forward  scattered  SHG 
was  collected  through  an  Olympus  0.9  NA  condenser,  reflected  by  a  565  nm  dichroic  mirror  to 
remove  excitation  light,  filtered  by  a  405  nm  filter,  and  captured  by  a  photomultiplier  tube.  Forward- 
and  backward-scattered  SHG  images  were  simultaneously  collected  as  a  stack  of  1 1  images  spaced 
3  pm  apart  with  a  660-pm  field  of  view.  For  each  tissue  section,  5  F/B  images  were  collected  (one  in 
the  center  and  4  equi-distant  points  around  the  periphery  of  the  section)  and  the  average  F/B  ratio 
was  calculated  for  each  section.  During  acquisition  of  all  SHG  images,  a  dilute  FITC  fluorescein 
isothiocyanate  solution  was  imaged  to  calibrate  for  day-to-day  fluctuations  in  laser  power. 
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Flow  cytometry.  Single  cell  suspensions  were  prepared  and  incubated  with  antibodies  conjugated  to 
different  fluorophores:  anti-CD45-blue  violet;  anti-CDIIb-Alexafluor  647;  anti-F4/80-FITC;  anti-Gr-1- 
phycoerythrin.  Color  compensation  was  incorporated  into  all  analyses.  Negative  controls  were  based 
on  fluorescent  minus  one  (FMO)  background  staining.  For  FMO  autofluorescence,  cells  are 
incubated  with  all  fluorophores  except  one,  and  the  fluorescence  intensity  of  the  missing  fluorophore 
was  determined.  The  myeloid  cell  markers  were  gated  based  on  CD45+  leukocytes.  CD45  is  a 
marker  of  all  hematopoietic  cells  and  is  not  expressed  by  tumor  cells  or  fibroblasts. 

Lung  metastasis.  Paraffin-embedded  formalin-fixed  lung  tissue  was  sectioned  into  5-micron  sections. 
Three  serial  sections  were  mounted  onto  each  slide  and  stained  using  hematoxylin  and  eosin  (H&E). 
Five  sets  of  serial  sections  were  taken  from  each  lung,  100  pm  distance  between  each  set.  This 
spacing  allows  us  to  survey  metastatic  lesions  throughout  the  lung.  A  blinded  observer  determined 
the  number  of  metastasis  in  each  section  using  a  brightfield  microscope  (4x-20x  magnification).  The 
average  number  of  lesions  per  three  consecutive  lung  sections  was  calculated.  This  average  was 
used  to  calculate  the  sum  total  of  metastatic  lesions  in  five  sections  per  lung. 

Statistical  Analysis.  Statistical  analysis  for  all  experiments  was  conducted  with  GraphPad  PRISM 
software  with  p<0.05  considered  statistically  different.  Outliers  were  determined  using  the  Grubbs 
method  and  excluded  from  further  analyses.  In  experiments  with  two  experimental  groups,  an  F-test 
for  variance  was  conducted.  If  the  variance  was  similar  between  groups  (p>0.05),  an  unpaired,  two- 
tailed  student’s  t-test  was  employed.  If  the  F-test  for  variance  was  significant  (p<0.05),  group 
comparisons  were  conducted  using  the  non-parametric  Mann-Whitney  U-test.  For  analysis  of  tumor 
growth  over  time,  tumor  volume  was  analyzed  using  repeated  measure  ANOVA.  Significant  main 
effects  were  analyzed  by  Holm-Sidak  multiple  comparison  test. 


A.  DEX  Treatment  in  BALB/c  and  BALB/c  SCID  mice 


1.  Tumor  growth,  metastasis,  and  SHG-emitting  collagen  in  BALB/c  mice  (Objective  la) 

In  BALB/c  mice, 


A.  Caliper  Measurements 


SALINE 


DEX 


B.  IVIS  Imaging 


Day  post-4T1-DT  injection 


I  4 

4  4 


E.  Representative  IVIS  Imaging 


I  *  I 
111 


Fig.  1.  4T1  tumor  growth  in  BALB/c  female  mice.  A.  Tumor  volume  calculated  using 
caliper  measures.  B.  Total  flux  from  ROIs  determined  from  images  represented  in  E.  C. 
Tumor  weight  and  D.  spleen  weight  at  sacrifice,  d  18  post-4T1  injection.  Results 
expressed  as  mean  ±  SEM.  See  text  for  statistical  analysis. 


DEX 

treatment  non-significantly 
increased  tumor  volume  (Fig. 
1A;  repeated  measures 
ANOVA,  DEX  x  time 
interaction,  p=0.08;  main 
effect  of  DEX  treatment, 
p=0.13).  However,  this 
increased  tumor  volume  was 
not  observed  with  IVIS 
imaging  as  measured  by  total 
flux  (photons/second)  (Fig. 
IB).  (Representative  IVIS 
imaging  at  d12  post-4T1 
injection  with  regions  of 
interest  is  shown  in  Fig.  IE.) 
Neither  tumor  nor  spleen 
weights  differed  significantly 
between  saline  and  DEX- 
treated  mice  at  sacrifice  (Fig. 
1C,D). 
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Ex  vivo  IVIS  imaging  of  lungs  is  shown  in  Fig.  2A.  (In  this  experiment,  no  other  distant  site  had  a 
detectable  luminescent  signal.)  Based  on  the  ex  vivo  imaging,  the  number  of  mice  with  detectable 
lung  metastasis  in  saline-treated  mice  (5/7  lungs;  71.4%)  did  not  differ  significantly  from  DEX-treated 
mice  (5/9  lungs;  43%)  based  on  Fisher’s  chi  square  analysis.  In  those  lungs  with  detectable 
luminescence,  there  was  a  trend  towards  increased  total  flux  in  the  DEX-treated  mice  (Fig.  2B; 

Mann-Whitney  U  test, 
p=0.09),  suggesting 
larger  metastatic  lesions. 
However,  in  H&E- 
stained  lung  tissue 
sections,  the  number  of 
metastatic  lesions  was 
not  altered  by  DEX 
treatment  (Fig.  2C;  t- 
test,  p=0.4). 

Furthermore,  by  H&E 
staining,  6/7  mice  in  the 
saline-treated  groups 
had  detectable 

metastasis  and  9/9  mice 
had  detectable 

metastatic  lesions  in  the 
DEX-treated  group,  a 
frequency  of  detection 
that  was  not  observed 

with  IVIS  imaging.  The  reason  for  this  discrepancy  may  be  due  to  the  fact  that  with  ex  vivo  IVIS 
imaging  we  are  capturing  only  a  certain  proportion  of  tumor  cells  on  or  near  the  surface  of  the  tumor. 
With  H&E  analysis,  the  number  of  metastases  per  lung  was  estimated  by  quantifying  the  number  of 
metastatic  lesion  in  5  tissue  slices  distributed  equally  through  the  lung.  By  ex  vivo  IVIS  imaging,  no 
metastasis  was  detectable  in  bone  marrow  in  BALB/c  mice.  This  result  and  the  ambiguity  of  the 
metastatic  data  in  the  lungs  suggest  that  later  time  points  after  tumor  cell  injection  need  to  be  tested 
to  assess  metastasis  to  additional  distant  metastatic  site  in  immune-intact  BALB/c  mice. 


A.  Ex  Vivo  IVIS  Imaging  of  Lungs 


SALINE 


DEX 


Fig.  2.  Lung  metastasis  in  DEX-treated 
BALB/c  mice.  A.  Ex  vivo  imaging  of  lungs. 
B.  Total  flux  measured  in  ROIs  in  A. 
Mann-Whitney  (M-W)  U  test,  p=0.09.  C. 
Number  of  metastasis  per  lung  as 
determined  in  H&E  stained  lung  sections. 
Results  expressed  in  B  as  median, 
minimum  and  maximum  response  and  in 
C  as  mean  ±  SEM. 


B.  Ex  Vivo  Luminescence 


C.  H&E  Stained 
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2.  SHG  imaging  (objective  1b). 


We  have  demonstrated  that  changes  in  tumor  collagen  microstructure  detected  by  measuring 
SHG  correlates  with  distant  metastasis  in  mouse  breast  cancer  models  and  in  breast  cancer  patients 
(12,  13).  To  assess  the  changes  in  the  fibrillar  collagen  microstructure  with  DEX  treatment,  SHG 
forward  scattered  to  back  scattered  emission  (the  F/B  ratio)  was  measured  in  tumors  as  described  in 
materials  and  methods.  Tumor  F/B  was  elevated  in  DEX-treated  compared  to  saline-treated  mice 
(Fig.  3A).  Representative  images  are  shown  in  Fig.  3B.  The  planned  immunohistochemical  analysis 
of  total  collagen  type  I  could  not  be  done  in  experiments  using  the  Iuc2-transfected  4T 1  cells,  due  to 
the  fact  the  tumor  cells  were  co-transfected  with  d-tomato,  a  bright  red  fluorescent  protein  that 
interfered  with  epifluorescent  imaging  of  the  collagen.  To  determine  if  the  changes  in  SHG-emitting 
collagen  were  associated  with  alterations  in  extracellular  matrix  modifiers,  tumor  matrix 
metalloproteinases  (MMPs)  and  transforming  growth  factor-beta  (TGF-R.)  were  measured  in  tumor 
homogenates  (14).  DEX  treatment  did  not  alter  tumor  MMP-2,  -3,  and  pro-MMP-9  (Fig.  4A-C)  or  total 
or  active  TGF-R.  (Fig.  4D,E).  In  future  experiments  we  will  assess  MMP-1  and  -13,  MMPs  that 
directly  modify  collagen  type  I.  We  should  also  point  out  that  we  were  not  satisfied  with  the  quality  of 
the  TGF-R.  ELISA  used  for  these  experiments,  and  the  different  forms  of  TGF-R>  were  not 
distinguishable  with  this  ELISA.  In  future  experiments,  we  will  use  the  TGF-ftl,  -2,  and  -3  multiplex 
bead-based  kit  available  through  Millipore. 


7 


A.  F/B  Ratio 


B.  Representative  images 


Fig.  3.  Second  harmonic  generation  (SHG)  imaging  of  4T1  tumor  fibrillar  collagen  in  BALB/c  mice. 
A.  Tumor  F/B  ratio  is  increased  in  mice  treated  with  dexmedetomidine  (DEX)  compared  to  saline 
(SAL);  t-test,  p=0.02;  B.  Representative  images  of  tumor  SHG  scattered  in  the  forward  (F)  and 
backward  (B)  direction.  The  F/B  image  was  produced  by  dividing  the  original  gray-scale  F  scatter 
image  by  the  B  scatter  image  using  Image  J.  The  images  shown  here  were  false-colored.  Images 
were  taken  with  a  20X  objective  lens  using  IX  electronic  zoom.  Scale  bars  =  100  pm. 
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Fig.  4.  Tumor 
MMPs  in  DEX- 
treated  BALB/c 
mice.  Results  are 
expressed  as 
meant  SEM,  n=7- 
9. 
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Tumor  cytokines/chemokines  and  myeloid  cell  populations  (objective  1c). 

To  further  examine 
mechanisms  underlying  the 
DEX-induced  increase  in  SHG 
F/B  ratio,  cytokines  and 
chemokines  in  tumor 
homogenates  were  tested  in  a 
multianalyte  bead-based 

multiplex  kit  (Millipore).  DEX 
treatment  did  not  significantly 
alter  immune  cell-derived 
cytokine,  including  IFN-y,  IL-2, 
IL-4,  or  IL-10,  proinflammatory 
cytokines  IL-6,  IL-113.  or  TNF-a, 
chemokines  MCP-1  (CCL-2), 
M-CSF  (CSF-1),  RANTES 
(CCL-5),  MIP-2,  or  VEGF  and 
GM-CSF  (Fig.  5).  Myeloid  cell 
populations  were  also  assessed 
in  tumor  and  in  spleen  based  on  flow  cytometric  analysis  of  the  myeloid  cell  surface  markers  CD1 1  b, 
F4/80  and  Gr-1.  Representative  staining  of  these  populations  in  tumor  cells  (Fig.  6)  and  spleen  cells 
(Fig.  7)  is  shown.  In  DEX-treated  mice,  a  trend  towards  increased  CD45+  leukocytes  was  detected 
in  the  tumors  from  DEX-treated  mice  (Fig  8A),  and  in  the  spleen,  the  frequency  of  CD45+  leukocytes 
increased  significantly  (Fig  8B).  However,  DEX  treatment  did  not  alter  the  frequency  of  tumor  or 
splenic  myeloid  cell  populations  (Fig.  8A,B).  The  DEX-induced  increase  in  the  CD45+  population 
suggests  that  DEX  treatment  may  have  increased  T  cells,  but  T  cell  frequency  was  not  assessed  in 
this  experiment. 


SAL  OCX 


Fig.  5.  Tumor 
cytokines  and 
chemokines 
were  not 
altered  by 
DEX  in 
B ALB/c  mice. 
Results 
expressed  as 
mean±SEM, 
n=7-9. 
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Fig  6  (left)  and  Fig.  7  (right).  Flow  cytometric  analysis  of  tumor  (left)  and  spleen  (right)  cells  for  myeloid  markers  CDIIb,  F480,  and  Gr- 
1.  A.  Autofluorescence  (negative  control  staining)  was  determined  using  fluorescence  minus  one  (FMO)  controls;  B.  Single-color 
histograms  of  CD45+  leukocytes  gated  on  the  tumor  or  spleen  cell  population  determined  by  SSC  vs  FSC  bit  map  gating  (not  shown). 
The  CD11b+,  F4/80+,  and  Gr-1+  populations  were  gated  on  the  CD45+  population,  and  analysis  gates  were  set  based  on  the  negative 
control  staining;  C.  Two-color  histograms  of  CDIIb  versus  F4/80  populations  and  CDIIb  versus  Gr-1  gated  on  the  CD45+  population. 
The  analvsis  aates  in  the  two-color  histoarams  were  set  based  on  the  sinale  color  analvsis  aatina. 
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A.  Tumor 


Fig.  8.  Tumor  (A)  and  spleen  (B)  cell  population  frequencies  in  DEX-treated 
BALB/c  mice.  DEX  did  not  alter  myeloid  populations  but  it  significantly 
increased  CD45+  leukocytes  in  the  spleen.  *  t-test,  p<0.05  vs  saline.  Results 
expressed  as  mean  ±  SEM,  n=7-9  per  group. 


Discussion:  DEX  treatment  in  BALB/c  Mice.  Elevated  DEX-induced  metastasis  was  not  readily 
detected  in  these  mice  as  in  our  previous  experiments  (11).  Here  a  trend  towards  increased  cells  in 
metastatic  lung  lesions  in  DEX-treated  mice,  as  measured  by  total  flux  (Fig.  2B),  was  not  confirmed 
by  H&E  analysis.  Nonetheless,  we  observed  an  increase  in  tumor  SHG-emitting  collagen.  In  this 
experiment,  the  tumors  grew  more  slowly  compared  to  our  previously  reported  experiments,  and  in 
those  experiments,  the  DEX-induced  increase  was  more  apparent  later  in  tumor  growth  (11).  The 
animals  in  the  current  experiment  were  manipulated  more  frequently  for  IVIS  imaging,  which  was  not 
done  previously.  We  are  also  concerned  that  the  anesthesia  administered  for  IVIS  imaging  may 
interact  with  DEX.  For  example,  anesthesia  (ketamine  combined  with  xylazine,  an  a2-AR  agonist) 
may  reduce  sensitivity  to  DEX  through  a2-AR  desensitization  (15,  16).  The  planned  studies  in  other 
mouse  strain/tumor  combinations  (aim  1)  will  help  elucidate  if  this  is  a  possibility,  as  luciferase- 
transfected  cells  and  IVIS  imaging  will  not  be  conducted.  We  plan  to  repeat  DEX  treatment  in 
BALB/c  mice  with  sacrifice  at  varying  time  points  in  tumor  growth  to  determine  when  DEX-induced 
alterations  in  SHG-emitting  collagen  alterations  appear  relative  to  changes  in  tumor  growth  and 
metastasis.  We  will  incorporate  standard  H&E  analysis  of  bone  marrow  to  determine  if  DEX-induced 
metastasis  is  a  global  effect  versus  a  more  restricted  targeting  of  lung.  If  the  alterations  in  SHG  F/B 
ratio  in  BALB/c  mice  occur  before  there  is  a  clear  difference  in  metastasis,  then  SHG  F/B  ratio  may 
be  an  early  indicator  of  future  metastatic  risk. 

3.  Tumor  growth,  metastasis,  SHG-emitting  collagen  in  BALB/c  SCID  mice 

To  further  investigate  the  cellular  mechanisms  underlying  DEX-induced  elevation  of  SHG-emitting 
collagen,  we  hypothesized  that  the  DEX-induced  increase  in  CD45+  leukocytes  in  the  spleen  (and  a 
similar  trend  in  the  tumors)  may  indicate  that  T  cells  were  responsive  to  a2-AR  treatment  (17)  and 
contributed  to  elevated  tumor  SHG-emitting  collagen.  To  determine  if  the  DEX-induced  increase  in 
tumor  F/B  ratio  is  dependent  on  functional  T  cells,  4T1  tumor-bearing  BALB/c  SCID  mice  were 
treated  with  DEX  as  described. 

In  T  cell-deficient  BALB/c  SCID  mice,  DEX  treatment  did  not  significantly  alter  tumor  volume  as 
determined  with  calipers  (Fig.  9A;  repeated  measure  ANOVA,  main  effect  p=0.23).  However,  IVIS 
imaging  revealed  reduced  tumor  growth  over  time  (Fig.  9B,  repeated  measure  ANOVA,  main  effect 
p=0.03)  that  was  associated  with  a  trend  towards  reduced  tumor  weight  at  sacrifice  (Fig.  9C,  t-test, 
p=0.08).  Spleen  weight  was  not  significantly  altered  by  DEX  treatment  (Fig.  9D).  There  was  no 
significant  difference  in  lung  metastases  based  on  standard  H&E  analysis  (Fig.  9E)  or  ex  vivo  IVIS 
imaging  of  lungs  (Fig.  9F).  In  these  immunocompromised  mice,  bone  metastasis  was  detected  by  ex 
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vivo  IVIS  imaging  (Fig.  10A),  but  no  significant  differences  in  total 


A.  Caliper  Measurements 


B.  IVIS  Imaging 


Day  posMTl-DT  ejection 


E.  H&E  Staining 

10  0  I 

7.5- 


SAL  D€X 


F.  Ex  Vivo  IVIS  Imaging 


SAL  DEX 


C.  Tumor  Weight 


s 

I 

I 


Fig.  9.  DEX  treatment  in  411- 
bearing  BALB/c  SCID  female 
mice.  A.  Tumor  volume  using 
caliper  measures.  B.  Total  flux 
based  on  IVIS  imaging.  C.  Tumor 
and  D.  spleen  weight  at  sacrifice, 
d  18  post-4T1  injection.  E. 
Metastasis  by  H&E  staining;  F.  Ex 
vivo  lung  imaging.  Results 
meantSEM,  except  F,  median, 
minimum,  maximum.  n=7  per 
group.  See  text  for  statistics. 
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flux  were  observed  in  bone  with 
DEX  treatment  (Fig.  10B). 
Unlike  in  BALB/c  mice,  DEX 
treatment  did  not  alter  tumor 
SHG  F/B  ratio  in  BALB/c 
SCID  mice  (Fig.  11). 

In  association  with  reduced 
tumor  growth,  DEX  treatment 
significantly  reduced  tumor 
MM  P-2  (Fig.  12A),  but  not 
MMP-3  (Fig.  12B)  pro-MMP-9 
(Fig.  12C),  or  the  active  form 
of  TGF-ft  (Fig.  12D).  DEX 
treatment  also  significantly 
reduced  tumor  IL-10,  but  not 
any  other  chemokine  or 
cytokine  (Fig.  13). 


A.  Ex  Vivo  Imaging 


B.  Ex  Vivo  Analysis 
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Fig.  10.  4T1  bone  metastasis  in  BALB/c  SCID  mice. 
DEX  treatment  did  not  alter  metastasis  to  the  bone. 
A.  Ex  vivo  images.  B.  Total  flux  in  ROIs  shown  in  A. 
Results  presented  as  median,  minimum,  and 
maximum. 
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Fig.  11.  SHG  imaging 
of  4T1  tumor  fibrillar 
collagen  in  BALB/c 
SCID  mice.  Results 
expressed  as  mean  ± 
SEM,  n =7  per  group. 
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Fig.  12.  DEX  treatment  reduced 
MM  P-2  in  BALB/c  SCID  mice.  A. 
MMP-2;  B.  MMP-3;  C.  pro-MMP-9;  D. 
TGF-R>  active  form.  **  t-test,  p<0.006. 
Results  expressed  as  mean  ±  SEM, 
n =7  per  group. 
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Fig.  13.  DEX  reduced  IL- 
10  in  BALB/c  SCID  mice. 
**t-test,  p=0.008.  Results 
expressed  as 

mean±SEM,  n=7  per 
group. 
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Summary  of  significant  results  (DEX  treatment  in  BALB/c  &  BALB/c  SCID  mice).  In  BALB/c 
mice,  DEX  treatment  elevated  tumor  SHG  F/B  ratio  when  there  were  trends  possibly  indicative  of 
increased  growth  and  metastasis,  but  no  clear  increase  in  these  measures  as  we  reported  previously 
(11).  DEX  did  not  increase  tumor  growth,  metastasis  or  tumor  SHG  F/B  ratio  in  BALB/c  SCID  mice, 
indicating  that  the  presence  of  functional  T  cells  are  necessary  for  a2-AR  agonist-induced  alterations 
in  SHG-emitting  collagen.  Furthermore,  alterations  in  the  tumor  SHG  F/B  ratio  in  BALB/c  mice  was 
not  associated  with  alterations  in  myeloid  populations  or  in  tumor  cytokines  or  chemokines 
associated  with  these  populations.  MMP-2,  -3,  and  pro-MMP-9  and  TGF-13,  important  proteins 
associated  with  modification  of  the  extracellular  matrix,  were  not  altered  by  DEX  treatment.  These 
results  indicate  that  a2-AR  activation  may  modify  fibrillar  collagen  structure  through  other 
mechanisms,  such  as  alterations  in  adhesion  molecule  expression  or  fibroblast  collagen  production. 
These  possibilities  are  currently  being  tested  (see  specific  aim  2  progress  below). 

In  BALB/c  SCID  mice,  DEX-induced  inhibition  of  tumor  growth  in  conjunction  with  reduced  MMP-2  is 
indicative  of  an  a2-AR-mediated  tumor  inhibitory  pathway  that  is  not  apparent  in  the  presence  of 
functional  T  cells.  Despite  the  inhibition  of  tumor  growth,  metastasis  to  lungs  and  bone  did  not 
appear  altered  with  DEX  treatment  in  BALB/c  SCID  mice.  Therefore  this  finding  will  not  be  pursued 
further  in  the  context  of  this  project. 

B.  DEX  treatment  in  the  Spontaneous  Mammary  Tumor  Model  MMTV-PyMT 

We  tested  if  DEX  altered  tumor  progression  in  MMTV-PyMT  mice,  a  transgenic  line  that 
spontaneously  develops  invasive  mammary  tumors  that  metastasize  to  the  lungs  (18).  The  goal  of 
this  experiment  was  to  1)  characterize  the  response  to  DEX  in  a  spontaneous  preclinical  breast 
cancer  model  (objective  la),  and  2)  to  determine  if  the  a2-AR  altered  sympathetic  neurotransmission 
as  measured  by  the  sympathetic  neurotransmitter  norepinephrine  (NE)  and  its  metabolite, 
normetanephrine,  in  the  spleen  (objective  Id). 


Materials  and  Methods. 

DEX  treatment.  MMTV-PyMT  mice  were  treated  with  10  pg/kg  DEX  IP  daily  beginning  at  9  weeks  of 
age  when  mammary  tumors  were  in  the  early  carcinoma  phase  and  when  metastasis  to  the  lungs 
was  not  detectable.  The  injections  continued  for  2  weeks,  and  mice  were  sacrificed  at  1 1  weeks  of 
age  when  tumors  had  entered  the  late  carcinoma/invasive  phase  and  metastatic  lesions  were 
detectable  in  the  lungs. 

Tumor  Growth  and  Lung  Metastasis.  Tumor  burden  was  measured  by  determining  the  total  weight 
of  mammary  tumors  dissected  from  each  mouse.  The  number  of  lung  metastasis  was  determined 
using  H&E  staining  as  described  above. 

Tissue  NE  and  NMN.  Portions  of  the  spleen  and  tumor  were  homogenized  in  0.1  N  HCI.  NE  and 
NMN  in  the  homogenate  were  measured  by  ELISA  (Rocky  Mountain  Diagnostics)  and  normalized  to 
wet  weight  of  the  tissue. 

Results.  DEX  treatment  did  not  reduce  tumor  burden  (Fig.  14A)  or  lung  metastasis  (Fig.  14B)  in 
MMTV-PyMT  mice  in  conjunction  with  no  alterations  in  tumor  SHG-emitting  collagen  (Fig.  14C).  Of 
the  tumor  cytokines  and  chemokines  measured,  non-significant  alterations  in  IL-1 2p70,  IFN-y,  and 
TNF-a  were  noted  (Fig.  14D).  MMPs  and  TGF-R>  were  not  measured  in  this  experiment.  To 
determine  if  DEX  treatment  altered  sympathetic  neurotransmission,  NE  and  its  metabolite 
normetanephrine  (NMN)  were  measured  in  tumor  and  spleen.  We  have  previously  observed  that 
spleen  NE  and  NMN  are  good  measures  of  SNS  activation,  while  tumors  are  less  so  (11,  19), 
therefore  NE  and  NMN  were  measured  in  both  tissues.  Neither  spleen  nor  tumor  NE  or  NMN  were 
significantly  altered  by  DEX  treatment  (Fig.  14E,  F).  By  flow  cytometric  analysis,  DEX  did  not  alter 
the  frequency  of  CD45+  cells  or  the  myeloid  populations  described  above  (data  not  shown). 
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Fig.  14.  DEX  treatment  in  MMTV-PyMT  mice.  DEX  treatment  did  not  alter  tumor  pathogenesis 
as  measured  by  A.  tumor  burden  (t-test,  p=0.19);  B.  number  of  lung  metastasis  (M-W,  p=0.3); 
C.  tumor  SHG  F/B  ratio.  D.  Trends  in  tumor  cytokines  indicated  by  student’s  t-test.  E,  F.  DEX 
did  not  alter  spleen  or  tumor  E.  NE  or  F.  NMN.  Results  expressed  as  mean  ±  SEM,  n=6  mice 
per  group. 


Discussion/Summary  of 
Significant  Results  (DEX 
in  MMTV-PyMT  mice). 

DEX  treatment  did  not 
alter  tumor  growth  or 
metastasis  in  MMTV- 
PyMT  mice. 

Correspondingly,  DEX  did 
not  alter  tumor  SHG  F/B 
ratio  in  MMTV-PyMT  mice. 
The  inability  to  detect 
DEX-induced  alterations  in 
NE  or  NMN  indicates  that 
DEX  at  the  low  doses 
used  here  did  not  modify 
sympathetic 
neurotransmission,  either 
by  stimulating  sympathetic 
regulatory  centers  in  the 
central  nervous  system  or 
by  activation  of  pre- 
synaptic  autoinhibitory  a.2- 
are  most  likely  mediated  by 
this  conclusion  must  be 


AR  in  the  periphery.  This  result  implies  that  DEX-induced  effects 
activation  of  post-ganglionic  a2-AR  targets  in  the  periphery.  However, 
further  tested  in  a  tumor  model  that  displays  a  more  robust  effect  of  DEX  on  tumor  progression.  The 
inability  of  DEX  to  elicit  any  changes  in  tumor  growth  or  metastasis  may  suggest  that  DEX  is 
effective  only  during  specific  stages  in  tumor  progression  or  it  may  indicate  that  the  effect  of  a2-AR 
activation  on  breast  tumor  progression  is  dependent  on  the  breast  tumor  type.  The  MMTV-PyMT 
model  differs  in  several  important  ways  from  4T1:  MMTV-PyMT  mammary  tumors  develop 
spontaneously  from  hyperplasia  to  advanced,  metastatic  carcinoma.  MMTV  tumors  also  express 
estrogen  and  progesterone  receptors  (18),  unlike  4T1,  and  AR  expression  of  the  MMTV-PyMT  tumor 
cells  has  yet  to  be  established.  Thus  it  is  possible  that  DEX-induced  alterations  in  tumor  progression 
are  dependent  on  the  molecular  characteristics  of  the  breast  tumor. 


Specific  Aim  2 

1)  Major  activities:  Identify  the  cellular  and  molecular  mechanism(s)  underlying  a2-AR-induced 
tumor  progression  within  4T1  tumors.  (Months  3-16) 

2)  Specific  objectives: 

Aim  2a.  Evaluate  tumor  associated  fibroblasts  as  targets  of  a2-AR  agonists. 

Aim  2b.  Evaluate  the  impact  of  tumor  associated  fibroblasts  on  collagen  organization  as 
measured  by  second  harmonic  generation. 

We  have  initiated  objective  2a  under  task  2  in  the  SOW,  and  the  significant  results  are  shown  here. 
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Pre-sort  tumor  cell  suspension 


3)  Significant  results/key  outcomes: 

Here  we  demonstrate  the  isolation  of  tumor  associated  fibroblasts  (TAF)  from  4T1  tumors.  The  goal 
of  these  experiments  was  to  determine  the  optimal  conditions  and  appropriate  markers  for  isolation 
of  TAF  and  to  optimize  yield  and  purity  of  the  isolated  cells.  Fibroblast  expression  of  2  cell  surface 

markers  associated  with  TAF  was 
evaluated:  platelet  derived  growth 
factor  receptor-alpha  (PDGF-Ra, 
CD140a)  (20)  and  CD90.2  (Thyl.2) 
(21,  22).  Flow  cytometry  was  used  to 
assess  enrichment  or  depletion  of 
different  cellular  populations  from  the 
tumor  using  the  immunomagnetic 
selection  strategy  shown  in  Fig.  15 
and  described  in  detail  below. 
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Fig.  15.  Schematic  representation  of  negative  and  positive  selection  strategy 
for  isolating  tumor  associated  fibroblasts. 


Materials  and  Methods 
Preparation  of  Tumor  Single  Cell 
Suspensions.  A  protocol  was 
developed  to  optimize  the  cell  yield 
from  each  tumor.  Tumors  were 


divided  into  small  pieces  using 
scissors  and  forceps.  Tumor  pieces 
were  incubated  for  30  min  at  37°C  in  a 
digestion  buffer  containing  Liberase™  (Roche;  approximately  0.28  Wiinsch  units/ml)  and  DNase 
(100  pg/ml)  with  regular  vortexing.  The  solution  was  passed  through  a  70  pm  strainer,  and  the  cells 
were  resuspended  in  flow  wash  buffer  to  continue  with  cell  selection. 


Immunomagnetic  cell  selection.  Table  1  lists  antibodies/cell  markers  used  for  immunomagnetic 
selection  using  MACS  cell  separation  columns  (Miltenyi).  Cells  were  incubated  with  Fc  block  for  15 
minutes  at  4”C  (1:40  in  MACS  buffer,  IxlO6  cells/50  pi)  prior  to  the  immunomagnetic  selection 
procedure. 


Table  1  Antibodies  Used  to  Isolate  Tumor  Associated  Fibroblasts 


Marker 

Fluorophore 

Antibody 

Species 

Vendor 

The  steps  for  isolating  CD90.2+ 

Thy  1.1 

PerCP-CyS.5 

Anti-mouse  CD90.2 

Rat 

BioLegend 

TAF  are  diagrammed  in  Fig.  15.  For 

CD45  depletion,  107  cells  were 

CD45 

BV421 

Anti-mouse  CD45 

Rat 

BioLegend 

resuspended  in  90  pi  of  MACS 

PDGF-Ra 

APC 

Anti-mouse 

Rat 

BioLegend 

buffer  and  10  pi  anti-CD45 

CD  140a 

antibody-conjugated  microbeads 

EpCAM 

Alexa  Fluor  594 

Anti-mouse  CD326 

Rat 

BioLegend 

(Miltenyi).  After  vortexing,  the  bead- 

cell  suspension  was  incubated  for  15  min  at  4°C,  washed,  and  added  to  a  pre-rinsed  LD  cell 
separation  column  (Miltenyi).  The  column  was  rinsed  2  times  with  MACS  buffer,  and  the  effluent  was 
collected  (CD45-depleted  population)  for  flow  analysis  and  further  cell  selection. 

To  remove  4T1  tumor  cells  from  the  CD45-depleted  population,  cells  were  incubated  with  FITC- 
conjugated  anti-CD326  (EpCAM)  antibody  (23),  washed  twice  and  resuspended  in  500  pi  of  MACS 
buffer.  The  cell  suspension  was  added  to  a  pre-rinsed  LS  separation  column  prepared  with  anti-FITC 
antibody-conjugated  microbeads.  The  column  was  rinsed  3  times  and  the  effluent  (CD45-/EpCAM- 
cells)  was  collected. 
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For  CD90.2  (also  known  as  Thyl.2)  isolation  from  the  effluent  containing  CD45-/EpCAM-  cells,  cells 
were  incubated  in  90  pi  MACS  buffer  and  10  pi  of  anti-CD90.2  antibody-conjugated  microbeads  as 
described  above.  After  washing,  cells  were  resuspended  in  500  pi  MACS  buffer,  and  added  to  a  pre¬ 
rinsed  LS  separation  column.  To  collect  the  CD90.2+  cells,  the  separator  was  removed  from  the 
magnetic  hold,  and  5  ml  of  buffer  pushed  through  column  into  a  collection  tube. 

Flow  Cytometric  analysis.  The  antibodies  used  to  characterize  different  cell  populations  are 
described  in  Table  1.  The  flow  cytometric  analysis  was  conducted  as  described  above  (19),  except 
all  gating  was  based  on  live  cells  determined  with  eFluor780  viability  marker  (eBioscience). 

Results.  We  compared  the  expression  of  PDGFRa  (CD140a)  and  CD90.2  (Thy  1.2)  cells  in  small 
(~5-8  mm)  and  large  (>8  mm)  4T1  tumors  grown  in  mammary  fat  pads.  In  single  cell  suspensions 
prepared  from  small,  5-8  mm  diameter  4T1  tumors,  the  percentage  of  live  cells  was  80.1%  versus 
19.9%  dead  (Fig.  16A).  (The  histogram  in  Fig.  16A  was  based  on  forward  scatter  vs  side  scatter 
bitmap  gating,  data  not  shown).  A  majority  of  cells  obtained  from  unfractionated  tumor  cells  are 
CD45+  leukocytes  (54.1%,  determined  by  subtracting  autofluorescence  (0.64%)  in  Fig.  16B  from  the 
CD45+  staining  (54.7%)  in  Fig.  16C).  EpCAM+  tumor  cells  make  up  28.9%  of  the  tumor  (subtract 
autofluorescence  in  Fig.  16D  (53.5%)  from  EpCAM  staining  in  Fig.  16E  (82.3%).  F4/80+ 
macrophages  were  19.03%  (23.8-4.77)  of  the  total  tumor  cell  population  (Fig.  16F,G).  By  contrast, 
Fig.  16H  shows  a  small  population  of  CD45+CD90.2+  T  cells  (2.54%  of  live  cells)  clearly 
distinguishable  from  a  CD45-CD90.2+  population  (1.72%  of  live  cells).  However,  no  PDGF-Ra+  cells 
were  detected  as  a  marker  either  co-expressed  or  not  co-expressed  with  CD90.2  (Fig.  161). 


A.  Live/Dead  Gating 

live:  80  1%  Dead:  19.9% 


Cump  Red  A  7»_6 


B.  CD45  Auto 

8V4J1  GD4S-  9V4J1  034  5  < 


C.  CD45  Staining 

~9V421  CD4S-  IMIlCDiS# 


•4I4W  W-A  9V4JI  (Wl  Canp-VtaftM  •  4M.10-A  SY4 


D.  EpCAM  Auto 


E.  EpCAM  Staining 


F.  F4/80  Auto 

' . men  »  men 


G.  F4/80  Staining 


»  V  1 


1.  CD90.2  vs  PDGF  Ra 

'  * 

4  JO 

Fig.  16.  Flow  cytometric  analysis  of  unfractionated  cells  from  small  4T1  tumors.  All  marker  staining 
is  gated  on  live  population  indicated  in  A.  (B,C)  Autofluorescence  and  CD45+  frequency;  (C,D) 
Autofluorescence  and  EpCAM+  frequency;  (F,G)  Autofluorescence  and  F4/80+  frequency;  (H)  two- 
color  histogram  CD45  versus  CD90.2;  (I)  two-color  histogram  CD90.2  versus  PDGF-Ra. 
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A.  CD45+  Cell  Depletion 


CD45  vs  CD90.2  PDGF-Fla*  Staining  EpCAM  Staining 


CD90.2  + 


^  J 


A 


After  negative  selection  of 
CD45+  cells,  the  percentage 
of  contaminating  CD45+  in  the 
CD45-depleted  population 
was  6.15%  (Fig.  17A) 
compared  to  54.1%  in  the 
unfractionated  cells  (Fig.16C). 
The  CD45-depleted 

population  was  also  enriched 
in  CD90.2+  cells  (5.85%)  and 
contained  a  large  fraction  of 
EpCAM+  cells  (77.6%)  (Fig. 
17A).  There  was  no 


Fig.  17.  Tumor  cell  selection  using  small  tumors.  A.  CD45-depleted  population  evaluated 
for  CD45,  EpCAM,  CD90.2  and  PDGF-Ra  expression.  B.  CD45-EpCAM-  cells  selected 
for  CD90.2+  cells  and  evaluated  for  expression  of  CD45,  PDGF-Ra,  and  EpCAM. 
(EpCAM  depletion  was  done  prior  to  CD90.2  selection,  but  results  are  not  shown  here.) 


enrichment  in  PDGF-Ra+  cells 
(0%)  (Fig.  17A).  (Note  that  in 
this  experiment, 

autofluorescent  controls  were 
inadvertently  omitted.)  The 

next  step,  positive  selection  for  CD90.2+  cells  from  the  CD45-/EpCAM-  population,  significantly 
enriched  the  CD45-CD90.2+  population  (32.3%)  with  few  CD45+CD90.2+  T  cells  (1.56%)  (Fig  17B). 
It  appeared  there  was  a  significant  contamination  with  EpCAM+  tumor  cells  (Fig  17B),  however,  this 
was  difficult  to  assess  without  autofluorescent  controls.  We  concluded  that  4T1  tumors  possess 
CD45-CD90.2+  cells  that  were  enriched  by  our  cell  selection  procedure,  but  we  noted  that  the  cell 


yield  was  very  low. 


Live  Dead  Gating 


Dead:  96 .9* 


Larger  tumors  (9-1 1  mm  in  diameter)  were  grown  to  determine  if  we  could 
increase  the  yield  of  TAF  expressing  CD90.2  or  PDGF-Ra.  In  large  tumors, 
the  population  of  dead  cells  was  greatly  increased  (Compare  Fig.  18 
(96.9%)  to  Fig.  16A  (19.9%)).  Gating  on  the  unfractionated  live  cells 
revealed  a  significant  population  of  PDFG-Ra+  cells  (13.3-5.63  =  7.67%; 

Fig.  19A),  but  removal  of  CD45+  cells  did  not  enrich  the  PDGF-Ra 
population  in  either  the  CD45-depleted  cells  (7.92-3.09  =  4.83;  Fig.  19B)  or 
the  CD45-enriched  cells  (10.5-4.33  =  6.17%;  Fig.  19C).  Furthermore, 
positive  selection  of  CD90.2+  from  the  CD45-/EpCAM-  cells,  enriched  for 
CD90.2+  cells  (Fig.  20A;  94.7-4.69  =  90%),  but  not  for  PDGF-Ra+  cells 
(Fig.  20B;  7.92-  5.02  =  2.9%).  Here  there  were  only  a  few  contaminating  EpCAM+  cells  (Fig 
7.39-3.91  =  3.48%),  indicative  of  good  removal  of  4T1  tumor  cells. 


Fig.  18. 
frequency 
tumors. 


Live-dead 
in  large 


cell 

4T1 


20C; 


These  results  demonstrate  4T1  TAF  are  heterogeneous  with  regard  to  expression  of  PDGF-Ra  and 
CD90.2.  This  is  consistent  with  the  idea  that  tumors  display  a  diverse  population  of  fibroblastic  cells. 
Based  on  these  results,  future  studies  will  utilize  4T1  tumors  ranging  in  size  from  8-10  mm  in 
diameter.  We  will  further  characterize  the  CD45-CD90.2+  fibroblasts  to  determine  if  they  are  a- 
smooth  muscle  actin  (a-SMA)  myofibroblasts  (24)  in  conjunction  with  analysis  of  a2-AR  expression 
and  a2-AR-induced  alterations  in  fibroblast  function  ex  vivo. 
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I.  Unfractionated 


II.  CD45  Selection 


A. 


Fig.  19.  PDGF-Ra  expression  is  detectable  in  large  tumors.  PDGFRa+  cells  were 
detectable  in  A.  unfractionated  cells;  B.  CD45-depleted  and  C.  CD45-enriched 
populations. 


CD90.2+  Selected  Population 


Fig.  20.  In  large  tumors,  PDGF+  cells  were  not  significantly  enriched  by  enrichment 
for  CD90.2+  cells.  CD90.2+  (A),  but  not  PDGFRa+  (B)  cells  were  enriched  by 
positive  selection  for  CD90.2+  cells.  Note  that  the  CD90.2-enriched  population 
contained  few  contaminating  EpCAM+  cells  (C). 
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Other  Significant  Results/Achievements:  In  parallel  with  experiments  assessing  a2-AR  activation, 
we  have  begun  to  characterize  the  4T1  tumor  response  to  IJ-AR  stimulation  in  vivo.  IJ-AR  are  the 
other  major  class  of  AR.  The  rationale  for  testing  IJ-AR  activation  in  the  4T 1  tumor  model  is  the  same 
as  for  utilizing  4T1  to  assess  the  impact  of  a2-AR  activation.  4T1  cells  do  not  express  functional  R>-AR 
and  do  not  respond  to  NE.  R>-AR  activation  has  been  shown  to  promote  tumor  progression  in  tumor 
models  in  which  the  tumor  cells  express  functional  I3.-AR  (4,  5)  but  the  tumor’s  response  to  R>-AR 
activation  in  the  absence  of  input  from  the  tumor  cells  has  not  been  determined.  Therefore,  4T1  is  an 
excellent  model  to  assess  the  impact  of  R>-AR  activation  on  host  R>-AR-expressing  stromal  cells  in  the 
absence  of  direct  input  of  the  tumor  cells. 


Materials  and  Methods:  Mice  were  injected  IP  with  sterile  saline  or  5  mg/kg  salmeterol,  a  long- 
acting  highly  IJ2-AR  selective  agonist,  beginning  2  days  prior  to  injection  of  2x1 05  tumor  cells  into  a 
mammary  fat  pad  and  continuing  daily  until  the  day  before  sacrifice,  d  18  post-4T1  injection. 

Results:  R>-AR  activation  reduced  4T1  tumor  growth  (Fig.  21  A;  repeated  measure  ANOVA,  effect  of 
salmeterol  treatment,  p=  0.048;  interaction,  p=0.18).  Salmeterol  appears  to  have  a  complex  effect  on 


A.  Tumor  Growth 


B.  Lung  Metastasis 


metastasis  with  reduced 
metastasis  to  the  lung  occurring 
early  in  tumor  development  (data 
not  shown),  followed  by 
increased  metastasis  to  the  lung 
later  in  tumor  development  (Fig. 
21 B).  In  conjunction  with 
salmeterol-induced  increase  in 
the  number  of  lung  metastasis, 
tumor  F/B  ratio  was  elevated  (Fig. 
22).  Tumor  MMP-2,  -3,  and  pro-9 
were  not  significantly  altered  by 
salmeterol  treatment  (data  not 
shown),  but  there  were  significant 
reductions  in  tumor  IL-6  and 
MCP-2  (CCL2)  with  a  significant 
elevation  in  IL-4  (Fig.  23).  No 
other  alterations  in  cytokines  or 
chemokines  were  detected  (data  not  shown).  In  the  spleen  (and  trending  in  the  tumors),  CD45+ 
leukocytes  were  elevated,  in  conjunction  with  reduced  CD11b+Gr-1+  myeloid  derived  suppressor 
cells  (MDSC)  (Fig.  24).  A  small,  but  significant  increase  in  F4/80+  macrophages  was  noted  in  the 
spleen,  but  not  tumor,  of  salmeterol-treated  mice  (Fig.  24). 


Day  3 


Day  7  Day  12  Day  17 


SALINE 


SALMETEROL 


Fig.  21.  G2-AR  activation  in 
BALB/c  mice.  A.  IVIS  imaging  and 
representative  images  over  time. 
B.  Lung  metastasis  by  H&E.  A. 
*p<0.05  at  d17  by  Sidak’s  multiple 
comparison  B.  p=0.02  by  Mann- 
Whitney.  Mean±SEM,  n=7  saline, 
n=9  salmeterol. 


A.  B. 


Fig.  22.  B.2-AR  activation  in  BALB/c  mice  increased  tumor  SHG-emitting  collagen.  See  Fig.  3 
legend  for  details.  Images  were  taken  with  a  20X  objective  lens  using  IX  electronic  zoom.  Scale 
bars  =  100  pm.  Mean  ±  SEM,  n=7  saline,  n=9  salmeterol. 


Discussion  and 

Significant  Results  (B2- 
AR  activation  in  4T1- 
bearing  BALB/c  mice):  An 

association  between 

elevated  metastasis  and 
tumor  SHG  F/B  ratio  was 
observed  with  IJ-AR 
activation,  similar  to  that 
observed  in  the  DEX- 
treated  mice.  A  significant 
inhibitory  effect  of  IJ-AR 
activation  within  the  tumor 
microenvironment  was  also 
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revealed  that  has  not  been  previously  reported.  These  results  suggest  that  IJ-AR  activation  of 
stromal  cells  may  inhibit  aspects  of  tumor  progression  and  should  be  further  explored,  especially  in 
the  context  of  evaluating  the  safety  of  H-blockers  in  breast  cancer  patients. 
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Fig.  23.  Tumor  cytokine  and  chemokine  analysis  in  salmeterol-treated  BALB/c  mice.  Cytokines  shown 
(MCP-1,  IL_4  and  IL-6)  were  significantly  altered  by  salmeterol  treatment.  Results  shown  as  mean±SEM, 
n=7  saline,  n=9  salmeterol. 


Fig.  24.  Flow  cytometric  analysis  of  tumor  (A)  and  spleen  (B)  myeloid 
populations  in  salmeterol-treated  BALB/c  mice.  *  t-test,  p<0.05  versus  saline. 
Results  shown  as  mean  ±  SEM,  n=7  saline,  n=9  salmeterol. 
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4.  IMPACT 

What  was  the  impact  on  the  development  of  the  preliminary  discipline  of  the  project?  The 

results  at  this  point  suggest  that  tumor  SHG  F/B  ratio  may  be  used  as  an  early  indicator  of  metastatic 
risk. 

What  was  impact  on  other  disciplines,  technology  transfer,  and  on  society  beyond  science 
and  technology?  Nothing  to  report. 

5.  CHANGES/PROBLEMS: 

Nothing  to  report  in  any  area. 

6.  PRODUCTS: 

Publications,  conference  papers,  and  presentations: 

Madden,  K.S.,  Dawes,  R.P.,  D.K.  Byun,  E.B.  Brown.  2014.  R>2- Adrenergic  Agonist  Treatment  Inhibits 
4T1  Breast  Tumor  Metastasis  to  the  Lung.  Annual  Psychoneuroimmunology  Research  Society 
Scientific  Meeting,  Philadelphia,  PA.  (Oral  Presentation) 


No  website,  technology,  inventions,  patent  applications,  licenses,  or  other  products  to  report. 

7.  PARTICIPANTS  &  OTHER  COLLABORATING  ORGANIZATIONS: 

Individuals  who  have  worked  on  the  project: 

NAME:  Kelley  S.  Madden,  PhD 
Project  role:  PI 
Researcher  identifier:? 

Nearest  person  month  worked:  6 

Contribution  to  project:  Dr.  Madden  has  planned  and  designed  all  experiments.  She  has  assisted 
with  the  execution  of  these  experiments.  She  has  analyzed  all  results. 

NAME:  Daniel  Byun 
Project  Role:  Technician 
Researcher  Identifier:  ? 

Nearest  person  month:  10 

Contribution  to  project:  Mr.  Byun  has  executed  all  aspects  of  the  in  vivo  experiments.  He  has  also 
assisted  with  data  analysis. 

NAME:  Eugenia  Zeng 

Project  Role:  Undergraduate  Student 

Researcher  Identifier:  ? 

Nearest  person  month:  1 

Contribution  to  project:  Eugenia  executed  all  experiments  isolating  tumor  associated  fibroblasts 

NAME:  Seth  Perry,  PhD 
Project  Role:  co-investigator 
Researcher  identifier:  ? 

Nearest  person  month:  1 

Contribution  to  project:  Assisted  with  isolation  of  tumor  associated  fibroblasts  and  with  SHG  image 
analysis. 

No  change  in  the  active  support  of  the  PI  or  senior/key  personnel  since  the  last  reporting  period. 
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No  other  organizations  were  involved  as  partners. 
APPENDICES:  None 


24 


